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In this study crude soy oil was extracted from the soy flour by hexane solvent. The crude 
oil was refined using a refining procedure similar to the one in edible oil industries, which 
included degumming, neutralizing, and bleaching. As the result, the eight groups of the oils and 
the gums were obtained. The compositions of fatty acids and tocopherols in the eight groups of 
samples were analyzed using GC-FID and HPLC, respectively. The antioxidant activities of the 
samples were analyzed by two chemical models, cholesterol and DHA. The results showed that 
γ- and δ-tocopherols may not be the main antioxidants of the crude oil when studied by the two 
models. The analyses for the antioxidant activities indicated that gum-1 had the highest 
antioxidant activity among the samples. The gum-1 was fractionalized by a silica gel column and 
three fractions were obtained. The antioxidant activities of the fractions were analyzed by the 
cholesterol model. The result indicated that the ethyl acetate/hexane fraction had the highest 
activity among the fractions. The fraction was further analyzed and fractionalized by RE-HPLC 
using a two-step elution scheme. As a result, a RE-HPLC fraction containing two individual 
peaks was demonstrated higher antioxidant activity. A HPLC peak was identified as a 
phytosterol (plant cholesterol) by searching a GC-MS database.
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CHAPTER 1 INTRODUCTION AND REVIEW 
 
1.1 Lipid Oxidation 
Lipid oxidation is one of the major chemical changes that occur during processing, storage, 
shipment, and final preparation of food stuffs containing lipids. Lipids are categorized as 
triglycerides, phospholipids, and sterols, all of which can be subjected by oxidation while there 
are oxygen molecules in the environment. Unsaturated double bonds of lipid molecules make 
them prone to be oxidized. Food stuffs containing polyunsaturated fatty acids are particularly 
highly susceptible to lipid oxidation. The greater the degree of unsaturation of fatty acids, 
generally speaking, the more susceptible is the food.  
Lipid oxidation widely occurs in food systems and is mainly mediated by oxygen free 
radicals, or more widely by reactive oxygen species. A free radical is defined as any chemical 
species capable of independent existence and containing one or more unpaired electrons. A free 
radical species containing an oxygen atom is called as an oxygen free radical. A typical example 
of oxygen free radicals is O·2-. “Reactive oxygen species” is a collective name containing some 
non-free radical molecules that can also induce lipid oxidation. The examples of reactive oxygen 
but non-free radicals are hydrogen peroxide (H2O2), hypocholorous acid (HOCl), ozone (O3), 
and singlet oxygen (1O2). The reactive oxygen species belonging to free radicals include 
superoxide negative ion radical (O·2-), hydroxyl free radical (OH·, a very powerful oxidization 
agent), peroxyl (ROO·), and alkoxyl (RO·). OH· is extremely reactive; whereas O·2- and H2O2 are 
much more selective type (Barry, 1995; Min and Lee, 1999; Barry, H., 1995; Halliwell, B., 
1995).  
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A ground or triplet oxygen molecule is a diatomic molecule possessing two unpaired 
valence electrons with the lowest energy status (an unpaired electron refers to being one alone in 
an atomic or molecular orbital). When a ground oxygen molecule absorbs sufficient energy via a 
physical or chemical reaction such as photosensization, one of the unpaired ground state 
electrons of ground oxygen molecule was shifted to a higher energy status, and the electron is 
excited. A singlet oxygen molecule is produced, reaching an excited state. Singlet oxygen is an 
unstable energy state of an oxygen molecule due to excess energy and thus readily reacts with 
other molecules, say, with unsaturated fatty acids with electron-rich double bonds, to release its 
excess energy.  Oxidation reaction also occurs in the ground oxygen state; whereas singlet 
oxygen has greater oxidation reactivity. Singlet oxygen reacts with linoleic acid at least 1450 
times faster than triplet oxygen does (Min D. B. and H-O. Lee, 1999). Singlet oxygen is the 
major agent causing rancidity of edible oils during oil storage, shipping, and processing. 
It has widely been accepted that a chain reaction of free radicals causing lipid oxidation 
mediated by reactive oxygen species is conveniently illustrated in the following three phases 
(Allen J. St. Angelo, 1996): 
 
Initiation:   RH + initiator → R·     (1) 
    ROOH + initiator → ROO· 
Propagation:   R· + O2  → ROO·    (2) 
    ROO· + RH → ROOH + R· 
Termination:   R· + R·  → R-R     (3) 
    ROO· + R· → ROOR 
 
The above mechanism is initialized by the various physical or chemical factors 
(initiators). The factors include temperature, reactive oxygen species, photosensitizers such as 
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chlorophyll, transition metal ions, heating, or radiation. It should be pointed out that the 
controversy concerning the generation of the initial radicals remains. The initiators trigger free 
radical chain reactions by mediating oxidization of the substrate molecules, causing the substrate 
molecule to lose a hydrogen atom to form a free radical R•. The initiation often occurs at an 
allytic methylene group of an unsaturated fatty acid (RH) or a lipid-hydroperoxide (ROOH), 
shown in the initiation step at equation (1). The produced free radical R• then reacts with oxygen 
to form a peroxy radical (ROO•). This immediate product further reacts with another lipid 
molecule to generate a lipid hydroperoxide (ROOH) and another lipid free radical (R•), causing a 
cascade mode of chain reactions until the free radical is neutralized by other free radicals, the 
stage of which is shown in equation (2).  In the termination phase, two radicals combine into 
non-free radical products and stop the cascade mode of chain reaction, shown in equation (3). In 
addition, the reaction chain is also terminated by some antioxidants or free radical scavengers. 
Transition metal ions, especially iron and copper, are powerful catalysts to initialize the process 
of the reaction. Additionally, lipoxygenase also acts as an initiator to induce the oxidation to 
generate the peroxides in food material containing lipid.   
It should be mentioned that hydroperoxide, a primary product of the oxidation, is very 
unstable and readily decomposes into secondary products including hundreds of compounds. The 
compounds belong to a few chemical groups: aldehyde, ketone, alcohols, acids, or hydrocarbons. 
These compounds adversely affect the quality, appearance, and edibility of a food product by 
producing objectionable off-odors and/or off-flavors on foods and hence affect the nutritional 




1.2 Natural Antioxidants in Plant Sources 
Natural and synthetic antioxidants can inhibit or delay the process of lipid oxidation. 
Antioxidants refer to any substances present at low concentration in foodstuffs and able to 
significantly prevent oxidation mediated by prooxidants. Prooxidants, considered as synonymous 
with reactive oxygen species, refer to any substances that when being with low concentration in 
foods can cause or promote an oxidative reaction. An antioxidant may play a role in 
antioxidation as a free radical scavenger, reducing agent, chelator, and/or singlet oxygen 
scavenger. Numerous synthetic antioxidants have been registered, but only a few species are 
permitted as food additives by the law because of toxicity effects and other side-effects. Typical 
antioxidants permitted as the food additives are butylated hydroxy anisole (BHA), butylated 
hydroxy toluene (BHT), pueraria glycoside (PG), and tertiary-butylatedhydroquinone (TBHQ).  
Recently, public’s concern about the problems of human health caused by food additives 
has once more evoked food scientists to the enthusiasm of seeking natural antioxidants from the 
various sources. So far one of the understandings on this issue is that natural antioxidants are 
primarily plant phenolic compounds occurring in all parts of plant bodies. Common phenolic 
antioxidants from plant sources include flavonoid compounds, cinnamic acid derivatives, 
coumarins, tocopherols, carotenoids, and polyfunctional organic acids (Shahidi and 
Wansaundara, 1992).  
1.2.1 Tocopherols 
Tocopherols as mono-phenolic compounds have been used in the food industry for several 
decades due to the functionality of preventing oxidation of polyunsaturated fatty acids of foods 
containing fats or oils (Khan and Shahidi, 2001; Boskou, 1998). They are thus added to edible 
oils in storage, processing, and shipment. Tocopherols are found with high quantity in many 
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plant sources typically including vegetable oils, the fresh leaves of vegetables, cereals, nuts, and 
oilseeds such as sesame, rice, corn, and soybean. Tocopherols consist of eight different 
compounds grouped into two families: tocols and tocotrienols. Each family has four members: α-
, β-, γ-, δ-tocols or tocotrienols, classified by the number and position of methyl groups attached 
to the chromane rings. The side-chains of tocols are saturated, whereas the side-chains of 
tocotrienols are unsaturated. There is an opinion believing that the antioxidant activity gradually 
decreases from δ to α (Shahidi and Wansaundara, 1992).  
The mechanism of antioxidation by tocopherols has been illustrated in detail, tocopherols 
acting to transfer phenolic hydrogen to the radical molecules and to scavenge singlet oxygen 
(Min and Lee, 1999). The mechanism is elutriated on the basis of the tocopherol-tocopheryl 
quinine redox system. Tocopheols (AH2) as radical scavengers quench lipid radicals (R•) 
produced in free radical reactions by donating a hydrogen atom to the radical R•, regenerating 
RH molecules, and tocopheols themselves convert into a tocopheryl semiquinone radical (AH·). 
Two tocopheryl semiquinone radicals (AH•) may combine with one another to form a tocopheryl 
quinine (A) and a tocopherol molecule. Or it may be reduced by hydrogen atoms donated by 
ascorbic acids. Oxidized ascorbic acids are further reduced by other reducing agents, i.e., 
NADH. Such mechanism may be represented in figure 1(The source of the picture comes form 
Shahidi and Wansaundara, 1992; Packer, et al., 2001). It is worthy to point out that tocopherols 
retard or delay a free radical reaction but do not fully stop the reaction.  
It has been known that soybean oil contains luxury tocopherols and tocotrienols as 
compared to other plant materials. During the process of manufacturing oils, however, roughly 
30 to 40% of tocols and tocotrienols are lost, entering into sludge or gums in the stages of 




Figure 1—The antioxidant network showing the interaction among vitamin E, vitamin C 
and thiol redox cycles (Packer, et al., 2001) 
 
 
particularly α-tocopherol is lost faster than β-, γ-, and δ-tocopherol (Boskou, 1998). Additionally, 
the variously bioactive substances such as phytosterols, esters of phytosterols, phospholipids are 
lost in the defining of oil and deep-fat frying (Boskou, 1998).  
1.2.2 Flavonoids 
Flavonoids are a collective term of polyphenolic compounds and ubiquitously exist in all parts of 
plants (Nijveldt, et al., 2001). They are categorized into flavonols, flavones, flavanones, 
isoflavones, catechins, anthocyanidins, and chalcones in light of chemical structures. Over 4,000 
flavonoids have been reported, many of which are believed to have antioxidant activities acting 
as scavengers of free radicals and active oxygen, chelators of iron ions, and/or an inactivation 
agent of lipoxygenase. Catechin and quercetin are believed to have high antioxidant activity and 
are thus used to stabilize lard in the food industry (Namiki, 1990; Heim, et al., 2002).  
The antioxidant abilities of flavonoids are based upon the characteristics of their 
molecular structure. Hydroxylation (related to the position and numbers of hydroxyl groups) of 
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the B ring is particularly important for such activity. Why quercetin plays a potent role in 
antioxidation is because it has all the right structural features for scavenging of free radicals 
(Namiki, 1990; Nijveldt, et al., 2001). Because robinetin and myricetin have an additional 
hydroxyl group at their 5’ position of the B ring, their antioxidant activities are thus enforced 
more than those of their corresponding flavones with no such 5’ hydroxyl group. It has been 
elucidated that both hydroxyl groups in the 4’ and 5’ positions are necessary for significant 
antioxidant activity of an isofavone, i.e., genistein. Steric hindrance as a result of methyl groups 
attached the positions also benefits such properties of hydroxyl groups in the molecules (Heim, et 
al., 2002).  
1.2.3. Ascorbic Acids 
An important antioxidant is ascorbic acid acting as a reducing agent and free radical scavenger. 
Based on its redox properties, ascorbic acid and its etherified derivatives act as antioxidants by 
donating a hydrogen atom to free-radical chain reactions and thus protect double bonds of 
substrate molecules. Ascorbic acid can also perform as a synergist for tocopherol by converting 
the oxidized tocopherols back to its reduced status. Furthermore, the dehydroascorbic acid is 
regenerated with a hydrogen atom stemming from reduced glutathione or NADH, where oxygen 
is reduced into water (Johnson, 1979).   
1.2.4 Carotenoids 
Carotenoids are a category of natural, fat-soluble compounds ubiquitously existing in all parts of 
plants. They are mainly located in membrane systems of cells where one of the major functions 
of the compounds is to involve in photosynthesis, and are responsible for the red, orange, and 
yellow colors of plant leaves, fruits, and flowers (Delgado-Vargas, et al., 2000). They are also 
found in algae, photosynthetic bacteria, non-photosynthetic bacteria, yeasts, and molds 
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(Delgado-Vargas, 2000), carrying out a protective function against membrane damage induced 
by light and oxygen (Eriksson and Na, 1995). The most common groups that is concerned by 
food scientists due to their antioxidant properties are carotenes (i.e., β-carotene) and xanthophyll 
(lutein). The later ones are the oxygenated derivatives of carotenes (Delgado-Vargas, et al., 
2000).  
Carotenoids are isoprenoid compounds. The majority of molecules of carotenoids have a 
40-carbon polyene chain regarded as the backbone of the molecule (Delgado-Vargas, 2000). 
Like other compounds, the structural properties of carotenoid molecules ultimately determine 
their chemical characteristics and biological functions. The distinctive characteristics of 
carotenoids are the long system of conjugated polyene backbone rich in electrons, in which the 
π-electrons are effectively delocalized over the entire length of the polyene chain therefore 
allowing them to absorb excess energy from other molecules to quench singlet oxygen. The 
nature of the specific end groups account for the polarity of the molecules. Each double bond in 
the polyene chain of a carotenoid exists in either of two configurations: trans or cis geometrical 
isomers. Because cis isomers create greater steric hindrance between nearby hydrogen atoms 
and/or methyl groups, they are particularly thermodynamically unstable than are their trans 
counterparts (Britton, G.,  1995). Therefore, most carotenoids predominantly or entirely occur as 
the all-trans form in nature. Pure carotenoids in an organic solution are particularly unstable in 
the presence of oxygen, thus easily bleached and degraded; but carotenoids in vivo are much 
more stable (Subagio and Morita, 2001).  
1.2.5 Other Natural Antioxidants 
Except phenolic compounds, other compounds are also reported to have antioxidant activities. 
Examples are phospholipids, phytosterols, and sequane (Boskou, 1998). Consol was reported to 
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account for 90% of the antioxidant activity of rosemary extract (Change, 1977; Schuler, 1990). 
Extracts of tea leaves were shown to have antioxidant activity to lard (Shahidi and Wansaundara, 
1992; Wiseman, et al., 1997).  
1.3 Soybean Oil Compositions 
Soybean (Glycene max L.) seeds contain luxury, excellent nutritional ingredients benefiting 
human health. Some food products of soybean seed, i.e., soybean flour and soybean oil, are 
evidenced to have the antioxidant activities (Jung and Min, 1990; Jung and Min, 1992). 
Isoflavone glycosides and their derivatives, phospholipids, tocopherols, amino acids, and 
peptides, are found in soybean flour (Shahidi and Wansaundara, 1992). The approximate 
composition of soybean was published by Krober and Catter (1962) as the following: 
 
Table 1 The Composition of soybean (Erickson, David R., 1980) 






Crude fiber 5% 
Ash (dry weight basis) 6% 
 
It is known that soybean oil contains triglycerides, free fatty acids, pigments, phospholipids, and 
other constituents (Garcia, et al., 1997). The major fatty acids include C18:2 (linoleic acid) 
(54%), C18:1 (oleic acid) (22%), C18:3 (linolenic acid) (7.5%), and C16 (palmitic acid) (11.0%).  
Recently, as public concern for health problems caused by consuming animal fat has 
grown, consumption of vegetable oils has become more and more popular, thus being increased 
at an average annual rate of 4.2% over the last decade. In the U.S., consumption of vegetable oil 
per capita per year is 65.8lb (Angelo, 1996). Soybean oil accounts for one fourth of the total 
 10
yield of the world oilseed production. However, some bioactive substances are lost during the 
manufacturing of the oil due to the use of modern refining technologies. Obviously, reassessing 
the magnitude of the loss, discerning the new properties of the ingredients, and attempting to 
regain the lost ingredients are a vital issue confronted by edible oil industries. 
Table2 shows the change of average compositions caused by the refining of soybean oil 
in modern oil industries, indicating the amount of lost of phospholipids, tocopherols, free acids, 
phytosterols, and metal ions. The loss of phenolic compounds, carotenoids and other pigments, 
and alkaloids mainly occurs in the stages of bleaching and deodorization, and phospholipids  
 
Table 2 Average compositions for crude and refined soybean oil (Erickson, David R., 1980) 
Soy oil components Crude oil Refined oil 
Triglycerides (%) 95-97 >99 
Phosphatides (%)a, b 1.5-2.5 0.003-0.045c 
Unsaponifiable matter (%) 1.6 0.3 
Plant sterols (%)d 0.33 0.13 
Tocopherols (%)e 0.15-0.21 0.11-0.18 
Hydrocarbons (squalene) (%)f 0.014 0.01 
Free fatty acids (%) 0.3-0.7 <0.05 
               Trace metals a 
Iron (ppm) 1-3 0.1-0.3 
Copper (ppm) 0.03-0.05 0.02-0.06 
  a, Evans et al., 1974 
  b, List et al., 1978 
  c, Corresponding to 1015ppm of phosphorus 
  d, Weihrauch and Gardner, 1978 
  e, Bauernfeind, 1977 




and alkaloids mainly occurs in the stages of bleaching and deodorization, and phospholipids 
mainly in the degumming. After refining the purity of triglyceride is increased to more than 99% 
and other components including tocopherols, plant sterols, phospholipids, and free fatty acids 
were universally reduced indicating the advanced purity of soy oil. It however indicates that the 
bioactive substances such as phospholipids, tocopherols, plant sterols, and other substances, are 
lost due to the refining.  
1.4 Phytosterols 
Phytosterols (plant sterols) are triterpenes, most of the types of which contain 28 or 30 carbon 
atoms. A phytosterol consist of a steroid nucleus and an alkyl side chain with one or two carbon-
carbon double bonds, typically one in the sterol nucleus and sometimes a second in the side 
chain (Moreau, et al, 2002). Phytosterols are derived from cycloartenol, a direct product of the 
cyclization of squalene in plants. Like cholesterol, phytosterils mainly distribute in biological 
membrane systems of plant cells, where they are believed to stabilize membrane structure and 
regulate the fluidity and the permeability of cell membranes. Phytosterols are present in the 
various forms: pure forms, esters, or conjugated with glucosides in vivo (Itoh et al., 1973; Pollak, 
1987; Guillen and Manzanos, 1998), and can be converted to phytostanols by hydrogenation. In 
vitro, free sterols show a solubility of about 2.5% in fatty solution; and sterol esters show a 
solubility of roughly 30% (Mattson et al., 1982). Figure 2 represents the structures of four 
sterols, cholesterol and three plant sterols that are the common types in planta.  
Phytosterols are widely distributed in numerous plant materials, abundant in plant oils, 
seeds, nut, cereals, and legumes (Itoh, et al., 1973; Vahouny and Kritchevsky, 1981; Rao and 
Janezic, 1992). Vegetable oils account for 0.5 to 1.5% phytosterols in the composition (Itoh et 
al., 1973). The main sterols in vegetable oils are β-sitosterol, campesterol, and stigamsterol with  
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very small amounts of the corresponding stanols (Hendriks et al., 1999; Sanchez-Muniz, 2004). 




Figure 2—Chemical structures of the phytosterols and cholesterol 
 
fucosterol, and ergosterol (Itoh, et al, 1973; Ling and Jones, 1995). More than 200 different types 
of phytosterols have been reported in plant sources (Moreau, et al., 2002) and at least 44 
phytosterols have been identified in plants (ILSI North America Technical Committee on Food 
Components for Health Promotion, 1999). Examples are brassicasterol in cruciferous plants and 
avenasterol in olives, coconut, linseed, and castor oils. Except in yeast, ergosterol has also been 
found in cottonseed, corn, peanut, and linseed oils (Mattson et al., 1977; Vahouny and 
Kritchevsky, 1981; Ling and Jones, 1995).  
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Over the past decade, the possibility of using phytosterols as food additives to reduce 
absorption of human body for cholesterol has led to numerous research works on therapy 
properties of phytosterols (Weststrate and Meijer, 1998; Plat, et al., 2000; Mensink, et al., 2002; 
Normen, et al., 2004). The main conclusion is that the intake doses of between 1.5 and 3g per 
day results in the reductions of LDL-cholesterol between 8% and 15% (Sanchez-Muniz, et al., 
2004; Quilez, et al., 2003). It is believed that the mechanism of the therapy is on the basis of the 
competition from phytosterols for absorption of bodies to dietary cholesterol in micelles (Jones, 
1999; Quilez, et al., 2003; Ostlund, 2002). Because phytosterols are naturally present in daily 
diets, it is reasonably believed that the increased intake for phytosterols in daily diets may be a 
practical way to reduce the risk of coronary heart disease (CHD) (Ostlund, 2004). Tests on 
animals and human bodies showed no toxicity and no side-effect other than occasional diarrhea 
reported in the persons with normal phytosterol metabolism (Ling and Jones, 1995; Miettinen et 
al., 1995; Becker, et al., 1993; Miettinen and Gylling. 2003). As the result, 1999 saw the event of 
the first commercially functional food, Benecol (a phytosterol-containing margarine), registered 
in the UK (Mayr, 1999). Similar products have also been launched in the markets in other 
European countries such as Finland, because the products were clinically demonstrated to be 
effective in lowering total cholesterol and LDA-cholesterol.  
Depending on the chemical structures of molecules and the conditions processed, some 
species of phytosterols may act as the antioxidants or possess the antioxidant activities (Guillen 
and Manzanos, 1998). Y. Yoshida and E. Niki reported (2003) that β-sitosterl, stigmasterol, and 
campesterol exerted antioxidant effects on the oxidation of methyl linoleate oil solution (Yoshida 
and Niki, 2003). Sterols with an ethyldiene group on the side chain have been found effective in 
retarding polymerization at temperatures similar to the ones used in deep-fat frying. Boskou, D. 
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(1998) reported that phytosterols possess a function of antioxidation in frying food (Boskou, 
1998). Also, it has been betrayed that phytosterols act as an antioxidant and a modest radical 
scavenger, and as a stabilizer on the biological membranes.  
1.5 Cholesterol Oxidation in Deep-frying 
Deep-fat frying is a common practice of food preparation applied in restaurants and in processing 
plants, regularly carried out at 140-200oC (Kochhar and Gertz, 2004). The frying is a very 
complex system of physical and chemical reactions, due to the combination of heat, moisture, 
and mass transfer between food and the frying medium and due to the involvement of aeration, 
absorption, vaporization, oxidation, dehydration, hydrolysis, and polymerization. Examples of 
the chemical reactions are the thermal degradation, oxidation, and polymerization of fatty acids 
that lead to the formation of flavor or off-flavor compounds, toxic substances and thus food 
toxicity and loss of nutritional value (Paul and Mittal, 1997). Under an elevated temperature, 
cholesterol of animal food prone to autooxidize in the presence of molecular oxygen, light, and 
an elevated temperature, due to the occurrence of a free radical-mediated lipid oxidation. 
Recently, specific interest has concerned on the chemical, toxicological, and biological 
characteristics of cholesterol oxidation products (COPs), as COPs are found in some common 
processed foods, such as powered eggs, French fries, and other processed foods (Park and Addis, 
1986; Huber, 1995; Zunin, et al., 1995; Du, et al., 2001; Petron, et al., 2003). The biological 
activities of the COPs were associated with human health risk (Valenzuela, et al., 2002). 
The oxidized cholesterol products in the diet are absorbed into the circulation system and 
reach the tissues and organs. Peng et al.(1982) reported that cholest-5-ene-3, 25-diol, one of the 
COPs, are absorbed, transported, and incorporated into vascular tissues by low density 
lipoprotein (LDL), observed in monkeys. The quantity of the oxides in the diet has been 
 15
associated with their concentrations in the serum of human and tested animals (Staprans, et al, 
1998). It was also demonstrated that COPs accelerate the development of atherosclerosis in 
rabbits (Valenzuela, et al., 2002). In the light of the study on animal tests, these oxides show the 
property of potent inhibitors to the biosynthesis of sterols and other lipid molecules. Another 
example of the toxicological effects of the oxides is their insertion into cellular membranes. 
Some of the COPs are able to induce arterial injury. 5, 6 α-epoxy-5β-cholestane-3 β-diol (one 
COP) is suspected to have a high risk of carcinogenicity (Morin, 1991; Paniangvait, 1995). 
Therefore, it is established that some cholesterol oxidation products are atherogenic, cytotoxic, 
mutagenic, and possibly carcinogenic agents (Morin, et al., 1991).  
In the cholesterol oxidations, the primary products are at first formed as chemically labile 
hydroperoxides. The hydroperoxides are then decomposed into the secondary products: 
peroxides, aldehydes, ketones, hydroperoxides, polymers, and oxidized monomers. More than 70 
primary and secondary products have been isolated and partially or fully identified (Smith, 
1981). The study results show that elevating heat, extreme pH, light, oxygen, catalysts, and the 
presence of polyunsaturated fatty acids are the major factors inducing COP formation in deep-fat 
frying conditions (Li, et al., 1994). Therefore, it is of high priority that humans make efforts to 
prevent or avoid the formation of COPs during the processing and storage of foods containing 
lipid (Osada, et al, 1993). 
Recently, the potential health risk in deep-frying foods and the use of synthetic 
antioxidants has been recognized. Thus more concern has been switched to the increased use of 
natural antioxidants. One of the aims of this research is to reassess the antioxidant activities of 
the soy oils and gums produced in the refining of soybean oil in order to investigate the loss of 
the bioactive substances. Since it has been evidenced that crude or non-refined soybean oil has 
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greater antioxidant activity than do refined oils (Gertz and Kochhar, 2001; Gertz, 2000), another 
aim of the study is to discern an antioxidant that may account for the antioxidant activity of the 






















CHAPTER 2 MATERIALS AND METHODS 
 
2.1. Testing Materials  
Soybean seeds (SB) was purchased from Delta Grow Seed Company (England, AR). Cleaned 
soybean seeds were ground to fine soybean flour using a commercial blender (Model 33GL79, 
Dynamics Corporation of America, New Hartford, Connecticut) and the soy flour was kept in 
sealed plastic bags stored at -20oC freezer.   
2.2. Reagents  
Sodium hydroxide (Analytical grade, FisherChemicals Inc., Fair Lawn, NJ), citric acid 
(analytical grade), hexanes (HPLC grade, EMD Chemicals Inc., Gibbstown, NJ), methanol 
(HPLC grade, EMD Chemicals Inc., Gibbstown, NJ), ethyl acetate (HPLC grade, EMD 
Chemicals Inc., Gibbstown, NJ), BCL3-methanol (Supelco Inc., Belletonte, PA), 98% 2, 2-
Dimethoxypropane (Sigma-Aldrich Inc., St. Louis, MO), Anhydrous sodium sulfate (10-60 
mesh, FisherChemicals Inc., Fair Lawn, NJ), cholesterol (Aldrich Chem. Co., Milw., WI), 5α-
cholestane (Sigma-Aldrich Co., St. Louis, MO), heptadecanoic acid (Sigma chemical Co., St. 
Louis, MO), (+)-γ-tocopherol (Sigma chemical Co., St. Louis, MO), glyceryl trioleate (sigma 
grade, Sigma-Aldrich Inc., St. Louis, MO), triglyceride, DHA (cis-4, 7, 10, 13, 16, 19-
Docosahexaenoic acid, Sigma-Aldrich Inc.,  St. Louis, MO) 
The solvents were stored at room temperature (20-25oC) and other reagents were stored 
at -20oC freezer. Sodium Hydroxide and citric acid were dissolved in distilled water. All of 
organic reagents were dissolved in hexanes, except for being particularly noted. 
Chromatographic silica gel (70-230 mesh, grade 62) was purchased from EM Industry Inc. 
Disposable culture tubes (Fisherbrand®, Borosilicate Glass 13 × 100mm or 16 × 125mm), 
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Whatman filter papers (Whatman®, 150mm Dia × 100Circles, Cat No 1001 150, Whatman 
International Ltd, Maidstone, England).  
2.3. The Extraction of Soybean Oil  
Five hundreds milliliter round-bottom flasks were used to extract soybean oil. One hundred 
grams of the ground soy flour was placed in a flask, followed by the addition of 150 ml of 
hexane. After vortexing at the highest speed for about 5min by hands, the slurry of soy flour and 
hexane was incubated at 50oC water bath for 30 min with shaking. After the flasks was settled on 
the bench for about 30min. The upper liquid phase was decanted to proof-organic centrifuging 
tubes. The solid phase was added with another 150ml of hexane and extracted once more. This 
extraction operation was repeated twice, at each time 150ml hexane used. The organic phases 
collected were combined in clean centrifuging tubes, and centrifuged in a Hermle Labortechnik 
Centrifuge (Hermle Labortechnik GmbH, Gosheimer Str. 56, 78564 Wehingen, Germany) at 
20oC at 8000 x g for 10 min. The organic phase was evaporated using a rotary vacuum 
evaporator (CentriVap, Console LABCONCO) set at 35oC to remove hexane solvent. As the 
result, the yellow soy oil was left. The yield of soybean oil was measured and the oil was kept at 
the glass tubes stored at –20oC freezer (named as crude or non-refined soy oil).  
2.4. Refining Soybean Oil  
The refining of crude soy oil was conducted with a procedure similar to the one in edible oil 
industry. The first three steps of the procedure were involved in the study as: degumming, 
neutralization, and bleaching. The degumming of crude oil was conducted by the addition of 3% 
of distilled water, producing oil-1 and gum-1. The neutralization of oil-1 was conducted with the 
addition of 13%NaOH solution, producing oil-2, gum2-1, and gum2-2. The bleaching of oil-2 
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was conducted with the addition of 7% of silica gel, producing oil-3 and gum-3. The flowchart is 









Figure 3—Flow diagram of refining crude soy oil. Ten gram crude was degummed with 3% water, and the 
gum and the oil were separated with centrifugation. The gum-1 and oil-1 were obtained. The oil-1 was 
neutralized with 13% NaOH solution and centrifuged to separate the gum and the oil. The gum2-1 and the 
oil-1 were produced. The oil-1 was washed with 20% water twice, and gum2-2 and oil-2 were produced. 
The oil-2 was added with 7% (w/w) silica gel twice, and the substances absorbed by silica gel was 
extracted with methanol, and the gum-3 methanol solution was obtained. After methanol was removed by 
evaporation, the left substance was resolved in hexane as the gum-3. The refining procedure in detail is in 
the Materials and Methods section.  
 
 
2.4.1. Degumming  
Ten gram of crude soy oil was weighted in a clean proof-organic centrifuging tube, followed by 
the addition of 3% (w/w) distilled water. The mixture of oil and water was vortexed with the 
highest speed for one min. The hydrated soy oil was incubated at 65 oC water bath for 45 min 
with shaking, followed by centrifugation at 7000 x g for 10min to separate oil and water phases. 
After the upper oil phase was delivered to a clean centrifuging tube, the gum phase was 
evaporated to dryness by a rotary vacuum evaporator to remove water and moisture 8-10 hours 
needed.  The weights of the gum and the oil were recorded, where the oil was named oil-1 and 











7% silica gel 
Washing the oil 
with 20% water 
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into oil-1 stock. The entire gum-1 was dissolved made into gum-1 stock. Both stocks were stored 
at room temperature (20-25oC). The remaining oil-1 would be objected to neutralization 
treatment.  
2.4.2. Neutralization  
One % (w/w) of 85% citric acid solution was added to the oil-1. The oil-1 was vortexed with the 
highest speed for one min, followed by the addition of 30μl of 13 % NaOH solution and 
rigorously vortexed for three min. The neutralized oil was incubated at 80oC water bath for 
30min and then centrifuged at 8000 x g at 20-25oC for 15min. The upper oil phase was delivered 
to a clean centrifuging tube and weighed. The gum phase was evaporated by a rotary vacuum 
evaporator to remove water in the gum for 8 hours and then weighed. The obtained gum was 
named as gum2-1 and kept at room temperature. The neutralized oil was added with 20% (w/w) 
distilled water, vortexed for three min, and centrifuged at 8000 x g for 10min to separate oil 
phase and gum phase. The upper oil phase was decanted to a clean centrifuging tube. The above 
operation of washing the oil was repeated once and the washed oil was named as oil-2. The gum 
phase gained through twice of water washing was combined and evaporated by a vacuum 
evaporator to remove moisture for 10 hours. The obtained gum was named as gum2-2, made into 
gum2-2 stock stored at room temperature. One hundred mg oil-2 was exactly weighed out and 
made into oil-2 stock. The rest of oil-2 would be objected to bleaching treatment. 
The amount of NaOH solution used was determined by the following formula:  
w.t. % lye = (% FFA * 0.142 + % excess NaOH)/ % NaOH in lye * 100 
, where % excess NaOH is assigned as 0.10-0.13% excess dry basis, % NaOH in lye as 12-13% 
(Erickson, 1980), and % FFA (free fatty acids) was used as 0.3-0.7% (Keshun Liu, 1997). The 
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final volume of NaOH solution was modified in the light of the results of preliminary tests as: 30 
µl.   
2.4.3 Bleaching 
Seven % (w/w) silica gel was added to oil-2 in a clean centrifuging tube and the slurry of oil and 
silica gel was rigorously vortexed for one min. The slurry was incubated at 92oC for 10min with 
shaking, followed by centrifugation at 8000 x g for 10min. The upper oil phase was carefully 
decanted to a clean centrifuging tube and added with another 7% (w/w) silica gel. The bleaching 
treatment was repeated once. The bleached oil was weighed named as oil-3, where 100mg oil-3 
was exactly weighed out made into oil-3 stock stored at 20-25oC room temperature. The silica 
gel phases were combined and added about one-fold volume of methanol, followed by 
vigorously vortex for one min and then centrifuged at 8000 x g for 8-10min. The upper methanol 
phase was filtered via Whatman filter paper into a clean centrifugation tube. Another one-fold 
volume of methanol was added to the silica gel phase and the extraction conduction was repeated 
twice. The methanol eluent gained were combined and evaporated by a rotary vacuum 
evaporator (RE121, Brinkmann Inc., Switzerland) at a temperature of 50-55oC to completely 
remove methanol (overnight or over 8 hours). The sticky, red-browning substance at the bottom 
of the centrifuging tube was collected named as gum-3. After weighed, the gum-3 was made into 
gum-3 stock stored at room temperature (20-25oC).  
2.5. Analyses for the Fatty Acids of the Soy Oils and Gums  
One ml sample of the soy oils or gums was added in a disposable culture tube (Fisherbrand®, 
Borosilicate Glass 16 × 125mm), followed by the additions of 50µl of 9.3 mg/ml C17 
(Heptadecanoic acid, Sigma), 2ml BCl3-methanol, and 1ml 2, 2-dimethoxypropane. After mixed, 
the reaction mixtures were incubated at 60oC water bath for 5-10min. After the tubes cool, 1ml 
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distilled water and 1ml Hexane was added in the tubes, one after another, vortexed for one min 
and stand on bench for one min. The upper organic phase was carefully transferred to a 
disposable glass tube, added with a little amount of amhydrous sodium sulfate and vortexed for 
about one min. The liquid phase was carefully transferred into GC vials and analyzed for 
compositions and contents of the fatty acids.  
Hewlett-Packard (5890) gas chromatograph was equipped with HP 7673 automatic 
sampler, flame ionization detector, and a capillary column (SUPLECO, 30m x 0.25 mm, 0.20 
µm film thickness, Supelco Inc., Bellefonte, PA). 3ul of samples was injected into GC injection 
port. GC conditions were determined as: initial temp: 50oC, initial time: 3:00min, temperature 
rate: 4.0 deg/min, final temp: 250oC,  finial time: 5:00min, injector temp: 250oC, detector temp: 
250oC, oven max temp: 270oC, equilibration time: 1:00min, and total run time: 53min. 
2.6. Analyses for Tocopherol of the Soy Oils and Gums  
The HPLC system was equipped with a Waters 510 HPLC pump, Waters 717 plus autosampler, 
Supelcosil™LC-SI column (25 cm × 4.6mm, 5 μm, Supelco Inc., Bellefonte, PA) run at ambient 
temperature, and scanning fluorescence detector, Waters TM 474, operated at the wavelengths of 
EX 290nm and EM 330nm. An isocratic mobile phase consisting of hexane/acetic acid/ethyl 
acetate of 98.4/0.8/0.8 (v/v/v) was applied to in this analysis, delivered by pumps at a flow rate 
of 1.5ml/min producing a pump pressure of about 4000 PSI. When continuously used over a 
period of three days, the column was washed overnight with the mobile phase at a flow rate of 
0.1 or 0.2ml/min. The samples of the soy oils and gums were delivered to 2 ml HPLC vials and 
50ul of sample size (300 to 500ppm) was injected into LC injection port run for 20min. Once 
every two months, the entire system is purged with about 300ml of methanol. The quantity of 
tocopherols was done by the following formula: (1) α-tocopherol: Y = 1 x 107X, (2) γ-
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tocopherol: Y = 2 x 107X, and (3) δ-tocopherol: Y = 1 x 107X, where Y = peak areas and X = μg 
content of tocopherols.  
2.7. Analyses for Antioxidant Activities of the Soy Oils and Gums Using a Cholesterol 
Model  
 
The GC-MS system consisted of Varian CP 3800 GC and Saturn 2000 MS (Varian, Inc., Walnut 
Creek, CA), the GC equipped with a SAC-5 fused silica capillary column (30m x 0.25 mm, 0.25 
μm film thickness, Supelco Inc., Bellefonte, PA).  Helium as a carried gas was delivered at a 
flow-rate of 2ml/min. The temperature of the injection port was set at 300oC.  The GC oven 
temperature was programmed from 200oC to 285oC at a rate of 15oC/min. The initial and final 
holding times of GC oven were 0 and 11.33min, respectively. The total run time was set as 
17min. MS conditions were set as the following:  capillary direct MS interface temperature: 
280oC, ion source temperature: 280 oC, ionization voltage: 70eV, mass range (m/z): 30-550, scan 
rate: 1.67 scans/s, and electro multiplier voltage: 1800 V. Disposable glass tubes (Fisherbrand®, 
Borosilicate Glass 13 × 100mm) were previously heated at a sand bath at 150oC for about one 
hour before used.  
Twenty-five ppm cholesterol hexane solution (Sigma Chemical CO.) and 50ppm samples 
of the soy oils or gums were added to a disposable culture tube and mixed by a vortex.  The 
solvent was evaporated to dryness by a rotary vacuum evaporator (CentriVap Console 
LABCONCO) at 29-35 oC, resulting in that the solutes of the mixture were coated on the inside 
surface of bottom of the tube. The tubes were incubated at a sand bath (High-Temp™ Bath 
160A, FisherScientific) at 150oC for 15min that was assumed to induce cholesterol autoxidation 
(dark oxidation) occurring on inside surface of bottom of the tube. After the tube cool, 2 ppm 5α-
cholestane (ICN Biomedicals Inc.) was added to the tube, rigorously vortexed for 30 second to 
dissolve off any substances absorbed on inside surface, 1μl of which was injected into the GC-
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MS injection port by a syringe of 10µl. The peak heights of cholesterol were measured 
calculated as the remaining cholesterol level after the heating based upon a standard curve of 
cholesterol. 
2.8. Analyses for Antioxidant Activities of the Soy Oils and Gums Using a DHA Model  
Two hundreds ppm of DHA hexane solution and 50ppm samples of the soy oils or gums were 
added to a disposable culture tube (16 × 125mm), mixed by vortex. The solvent of the mixture 
was evaporated to dryness by a rotary vacuum evaporator at the same temperature used in the 
cholesterol model. As the result, similarly, the solutes of the mixture were coated on the inside 
surface of bottom of the glass tube. The tube was incubated at the sand bath at 150oC for 15min 
inducing an autoxidation of DHA (dark oxidation). After the tube cool, 50ppm C17 solution was 
added to the dry tube, which was vortexed with the highest speed of vortex for 30 second to 
dissolve off any substances absorbed on the inside surface, followed by the addition of 2ml 
BCl3-methanol and 1ml 2, 2-dimethoxypropane and mixed briefly by vortex. The reaction 
mixture was incubated at 60oC water bath for 5-10min with agitation. After the tube cool, 1ml 
distilled water and 1ml hexane was added to the tube, mixed by vortex at the highest speed for 
30 sec. Let the tubes stand until the formation of interface between organic and water phases 
(about one min). The upper organic phase was delivered to a disposable culture tube (13 × 
100mm), added with a little amount of amhydrous sodium sulfate and vortexed. The liquid phase 
was delivered to a GC vial. The remaining DHA content of a sample after the heating was 
analyzed by GC-FID, used as an indication of antioxidant activity of the sample. GC conditions 
were the same as the ones used in fatty acid analysis. The sample volume injected was 5µl. The 
quantity of DHA was done with the same method as one in fatty acid analysis. 
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2.9. The Fractionation of Gum-1 by a Silica Gel Column  
The gum-1 was eluted through a low-pressure column of silica gel by a multi-step elution 
procedure, where the eluents of the gum were arbitrarily fractionalized into three groups in light 
of the difference in polarity of the groups, which was accomplished by recruiting three mobile 
phases with different polarity: hexane M.P. (regarded as non-polarity M.P.), ethyl acetate / 
hexane (48 / 52, v/v) (as weak polar M.P.), and methanol (as polar M.P.). A glass blank column 
(60cm × 2.5cm) was packed with 20 g of silica gel (70-230 mesh, grade 62, EM Industry Inc.). 
Slurry of hexanes and silica gel was delivered to the glass column and equilibrated with hexane 
overnight. The column elution was performed at room temperature (20-25 oC) and one atm 
pressure, run at a flow-rate of 7ml/min. The eluents of three groups were collected in proof-
organic centrifugation tubes, respectively. After 70 to 75mg gum-1 was dissolved in 3-5 ml of 
ethyl-hexane M.P. (48/52, v/v), the sample of column elution was delivered to the column with a 
Pasteur pipette. At the first step, 160 to 170ml of hexane was consumed and the eluent was 
collected in centrifuging tubes, followed by centrifugation at 8000 x g at 20oC for 5 min and 
filtration using Whatman filter paper, one after another, to ensure no particles of silica gel in the 
eluent. The eluent filtered was evaporated by a vacuum evaporator at 50 to 55oC to reduce the 
volume to less than 25ml. The final volume of the eluent was set as 25ml (named as elute-1). At 
the second-step of the elution, 160 to 170ml of ethyl-hexane was consumed and the eluent was 
collected in clean centrifuging tubes, also performed by centrifugation, filtration, and 
evaporation, one after another. The final volume was set as 25ml (named as eluent2). At the 
third-step, similarly, 160-170ml of methanol was consumed and the same operations of 
centrifugation, filtration, and evaporation were conducted.  The final volume of the eluent was 
also set as 25ml, the eluent named as eluent3.  
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The three batches of gum-1 were performed with the column elution in this study. 
Between batches, the column was regenerated by 150-200ml methanol at the same flow-rate. 
The methanol eluent was monitored by both HPLC and GC-MS (HPLC conditions were the 
same ones described as the next section and GC-MS conditions were the same as ones used in 
the cholesterol model) to ensure there was no any signal peaks in HPLC and GC (no compounds) 
that would be resulted from gel particles. Afterwards, the three eluents (eluent1, eluen2, and 
eluen3) were analyzed for antioxidant activities using the cholesterol model to determinate an 
eluent with the biggest activity.    
2.10. The Fractionation of the Fraction of silica gel Using RE-HPLC  
The eluent2 was eluted and fractionalized by RE-HPLC using a scheme of two-step elation, at 
20oC room temperature. HPLC system was Water 2690 separation module, consisting of pumps, 
autosampler, injector, and water 996 photodiode array detector (996 PDA) (Waters Corporation, 
Milford, MA), equipped with a ODS Hypersil column (250cm × 4.6mm, 5µ of particle size, 
Electron cooperation). The pressure limits was set as 4000 PSI. Pump mode was isocratic with a 
flow rate of 1ml/min. 996 PDA was set as a scanning range of wavelength of 190-700nm with 
resolution of 1.2nm. The wavelength of display on monitor was set as 204nm when running 
samples.  
At the first-step of the elution, pure methanol was delivered as the mobile phase. The run 
time was 20min. Based upon the analyses for the HPLC chromatograms of the sample, 
afterwards, the eluent were arbitrarily fractionalized into two parts: the fractions of 0-10min and 
10-20min, collected combined in centrifuging tubes, respectively. The operation of 
fractionalization was performed 20 times (20 circles). The two fractions gained were evaporated 
by a rotary vacuum evaporator to reduce the volume and increase the concentrations, 
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respectively. The final volumes of each fraction were set as 10ml. Each fraction was analyzed for 
antioxidant activity by the cholesterol model to determine a fraction with the bigger activity, 
respectively. At the second-step of the elution, a fraction determined with bigger activity at the 
previous step was run with a M.P. of 5%water in methanol, where the run time was 12min. 
Based upon the analyses for the HPLC chromatograms of the run sample, the eluent was 
arbitrarily fractionalized into two fractions: 0-6min fraction and 6-12min fraction, collected in 
centrifugation tubes, respectively. The fractionalization operation was run 20 times (20 circles). 
Each fraction was evaporated to reduce volume to less than 5 ml. The final volumes of each 
fraction were set as 5ml. The two fractions were analyzed for antioxidant activity by the 
cholesterol model to determine a fraction with bigger activity.  
2.11. Identification for a Possible Compound by Searching GC-MS Database  
Identification for a potential compound with antioxidant activity was performed by the database 
of “Searching Library” installed in the computer equipped with GC-MS. The GC-MS conditions 
are set as: a 30-m SPB-5 fused silica column (Supelco Inc.) with 0.25 mm i.d. and 0.1 µm film 
thicknesses equipped in a Hewlet-Packard 5790A GC coupled with a 5970B mass selective 
detector (MSD). A sample was delivered by a carrier gas of helium at a flow-rate of 1.5 ml/min. 
Injection was splitless set at 250 oC. Oven temperature was programmed from 150 to 280 oC at a 
ramp of 5 oC /min. The initial and final hold times were 0 and 9 min, respectively. MSD 
conditions were set as: capillary direct MS interface temperature: 280 oC, ion source 
temperature: 280 oC; ionization voltage: 70 E-volt, mass range: m/z 30-550, scan rate; 1.67 




CAHPTER 3 RESULTS AND DISCUSSION 
 
3.1. The Extraction of Soybean Oil  
Hexane extraction was used to produce crude soy oil. The crude soy oil contained small amounts 
of impurities except triglyceride that is the main component of soy oil. The impurities are of two 
general classes: oil-insoluble and oil-soluble. The insoluble impurities consist of seed fragments, 
moisture, and a waxy fraction, thus making it appear turbid or cloudy when the oil was stored in 
-20oC freezer. The oil-insoluble impurities were readily removed by centrifugation producing the 
clearer and more transparent soy oil. The oil-soluble impurities include free fatty acids, 
phospholipids, gum, pigments, tocopherols, sterols, hydrocarbons, ketones, aldehydes, and other 
materials. These impurities were difficult to be removed by centrifugation or filtration because 
they were in solution or in colloid suspension. It was observed in the study that turbidity or 
cloudy precipitates occurred in the crude oil when stored at the freezer.  
The yield of crude oil depend on the several factors: the fine degree of soybean flour 
ground, non-hulled or hulled seed, and soybean varieties and cultivars. On the basis of the 
extraction procedure used in the study, the yield of soybean oil was at the range of 12 - 16gram 
per100gram of soy flour, varying with the batches of recovery of soy oil. Oil content of soybeans 
is around 20% dry bases. The yield of soy oil in theory, hence, should be no than 20gram /100 
gram dry soy flour (Erickson, 1980). The less yield of soy oil than the theory value was 
explained due to such factors as the fine degree of soy flour and the completeness of hexane 
extraction to soy oil. The white fluffy gum was observed in the centrifuged crude oil stored at -
20oC freezer. The observation is as the result of the involvement of moisture to soy oil during the 
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extraction processing.  Prior to the use of the oil, therefore, the crude oil was well mixed by 
vortex to obtain a representative sample of crude oil. 
3.2. Refining Soybean Oil 
The crude oil was degummed with the addition of 3% water.  The white gum was produced by 
hydrating the oil and heating the oil-water mixture. The gum was separated from the oil by 
centrifugation. The gum yielded contained a mixture of water-soluble, polar substances, and 
amphiphilic molecules such as phospholipids according to the literatures. The vacuum 
evaporation made gum harder and whiter due to the removal of moisture. According to the 
literature the major component of the gum is phospholipids (Erickson, 1980). Because of the 
hydration, the phospholipids were removed out of oil. With the help of the phospholipids, some 
non-polar molecules were emulsified to disperse to the polar gum-phase (water phase). This 
degumming operation was conducted in capped glass tubes and proof-organic centrifuging tubes 
in order to reduce the chance of introduction of the metal, air, and the oxidants. The products 
obtained were named as oil-1 and gum-1, respectively.  
Thirteen % NaOH solution was added to the oil-1 to neutralize the free fatty acids at the 
step of neutralization. Before the addition of the alkali solution, the oil-1 (the degummed oil) was 
acidified with 85% citric acid solution. The operation was conducted at 85oC water bath with 
shaking to produce fatty acid esters (soap). The white and flocculent precipitate was observed. 
Sodium esters of fatty acids (soap) are amphiphilic molecules and existed as the flocculent 
precipitates in the oil, which were readily separated from oil by centrifugation to produce de-
FFA oil and the white and soft gum named as gum2-1. The gum2-1 looked like softer, because 
of more water content. The gum2-1 is believed to contain a little amount of phospholipids and 
insoluble matter according to Erickson’s handbook.  
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The water in the gum-1 was removed via vacuum evaporation, and the gum-1 became 
more firm and whiter. To remove the residual sodium hydroxide and the ester out of the 
neutralized oil, the de-FFA oil was washed with 20% distilled water twice, followed by 
centrifugation.  The centrifugation formed a three phase system: oil-water-gum. After the oil and 
water phases were carefully removed out using a Pasteur pipette, the gum phase at the bottom of 
the centrifuging tube was evaporated for 10 hours to remove moisture. A more firm and milk-
white gum named as gum2-2 and clearer and light-yellow oil named as oil-2 were formed at the 
stage of neutralization.  
The following treatment was that the oil-2 was subjected to bleaching with 7% (w/w) 
silica gel as an absorbent for the purpose of decolorization. The treatment turned white silica gel 
into the red-browning silica gel. The substances absorbed on the gel were extracted off with pure 
methanol with the help of vortex at the highest speed and warm water bath. As the result, a red-
browning extract of methanol was produced. The operation was duplicated with the same volume 
of methanol twice. The oil was bleached again with another 7% silica gel. The obtained extracts 
were combined and then subjected to centrifugation and filtration, respectively, for the purpose 
of removal of gel particle out of the extract. Otherwise, the gel particle in the extract would 
interfere with the weighing followed. The extract was evaporated by a vacuum evaporator at 55-
60oC for 10 hours to remove methanol solvent, a conduction producing a red-browning and oily 
substance at the bottom of the centrifuging tube. After precisely weighed, the precipitate was 
dissolved in hexane to form a gum solution named as gum-3.  
A procedure of refining crude soy oil was developed in the research. As the result, eight 
groups of samples of the oils and the gums were obtained as: oil-1, oil-2, oil-3, gum-1, gum-2-1, 
gum-2-2, gum-3, and crude oil. The eight groups of samples would be subjected to the analyses 
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for fatty acids, tocopherols, and the antioxidant activity. The yields of the soy oils and the gums 
from two batches of the refining were summarized in table3, based on 10 gram of crude soy oil.  
 
Table3. The Yields and the loss of the soy oils and gums in refining soy oil  
The  yields (mg) and ratios (%) of the oils and the gums Batches 
& means 
CSBO a Gum1 Oil1 Gum2-1 Gum2-2 Oil2 Gum3 Oil3 
Batch-1b 10423 93 9992.5 177.6 255.5 8911.5 206.2 5892.5 
Batch-2 10375 122 9898.8 137 288.7 8837.8 220 5453.7 
Mean 10399 107.5 9945.7 157.3 272.1 8874.7 213 5673.1 
Yield ratioc —d 1% 96% 2% 3% 89% 3% 64% 
Losse 3.30% 6.5% 33.7% 
a, the procedure of refining soy oil see Materials and Methods and CSBO represents crude soybean oil 
b, the batch number of refining crude soybean oil 
c, the yield ratio of a oil or a gum was calculated as the averaged yield (mean) of a oil or a gum divided by the 
averaged yield of the oil at the previous refining step and multiplied with 100% 
d, “—” represents no data (ND) 
e, Loss represents the loss of soy oil and gum at degumming, neutralization, or bleaching 
 
 
It shows that the yield of the refined oil (oil-3) was 55% of crude oil (5673.1mg/10.399 
gram oil), the yield of the total gums was 7.2% of the crude oil [(107.5mg + 157.3mg + 272.1mg 
+ 213mg) /10.399 mg crude oil], and the loss of soy oil in the refining course was 43.5% (3.3% + 
6.5% + 33.7%). Since the yields of gums and oils depend upon the preparation conditions chosen 
and would vary with the changed conditions, the procedures of extraction and refining the above 
were kept constant among the different batches in the study.  
The procedure of refining soy oil in the literature was conducted with some modification. 
At the phase of degumming, the oil-water mixture was incubated at 65 oC to help lowering the 
viscosity of oil so that the oil and gum were easily separated by centrifugation. The yield of the 
gum-1 in industries was reported as about 4% of the total mixture of oil-water in the literature 
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(Erickson, 1980). In this research, the percent of the gum yield was less than 1%. If less water 
was added in the crude oil, the removal of gum would be uncompleted and the oil phase would 
look hazy because of the presence of residual phospholipids. Therefore, the degumming was 
repeated twice in the study, each time with the addition of 3% other than of 1% used in oil 
industries. If too much water was added to the crude oil, on the other hand, a system of three 
phases of oil-water-gum would be formed after centrifugation, resulting in difficulty in the 
removal of moisture. Erickson’s handbook pointed out that the degumming operation in oil 
industries removes 75 to 98% of the phosphorus out of crude oil and as the result phosphorus 
content of the degummed oil was lowered to 12-170ppm, compared with 500-900 ppm of crude 
oil (Erickson, 1980).  
The addition of NaOH solution was to neutralize the free fatty acids in the degummed oil. 
The formed soaps (fatty acid esters) as amphliphilic materials were distributed to the water 
phases by centrifugation. If excess NaOH solution was applied to the oil-1, when combined with 
the prolonged incubation of the oil in warm water bath, excess saponification would occur on the 
oil-1, leading to more loss of triglyceride.  
At the step of the bleaching, the presence of even a little bit amount of gel particle in the 
gum-3 solution would form a colloid-like solution, which is to interfere with the assays for 
antioxidant activities by producing a false positive. In addition, the eluents isolated from a low-
pressure and silica gel column to being performed in the next section have to also be subjected to 
the treatments of filtration and centrifugation on the basis of the same consideration. The gum-3 
substance (with no solvent) appeared as red-browning oily material, which is believed to contain 
such components as triglyceride, chlorophyll, carotenes, tocopherols, and other ingredients. After 
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the refining, the soy oil was turned into light-yellow and lighter oil, the density of which was 
reduced by 5-10%.  
3.3 The Compositions and Distributions of Fatty Acids in the Soy Oils and Gums 
Lipid oxidation initially starts on polyunsaturated fatty acids (PUFA) of triglyceride of vegetable 
oils and thus fatty acid compositions or saturation are associated with oxidation stability of 
vegetable oil. The distributions of fatty acids of the soy oils and gums in the study are 
represented in Table 4.  
 
 









C16 C16:0 86.0 b ± 4.0 —d — — — — — 
C18:1n9c 173.0 ± 6.6 150.8 ± 6.2 147.7 ± 4.7 167.0 ± 1.7 
C18:2n6c 446.1 ± 33.1 411.5 ± 14.3 405.6 ± 11.2 444.9 ± 22.5 C18 










C16 C16:0 — — — — — — 65.9 ± 6.5 
C18:1n9c — — — — — — 96.0 ± 8.6 
C18:2n6c — — 72.2 ± 4.6 40.4 ± 2.6 357.8 ± 34.0 C18 
C18:3n6 — — — — — — 23.9 ± 2.5 
a, crude soybean oil 
b, the averaged value for duplicate tests and µg/mg representing µgs of fatty acids per mg of oil or gum 
c, representing standard deviation  
d, “—” no data 
 
 
The table shows that four major types of fatty acids were found in the samples of crude oil as: 
C16:0 (palmitic acid), C18:1n9c (oleic acid), C18:2n6t (linoleic acid), and C18:3n6 (linolenic acid), and 
the ratio of them as 3: 7:18:1, where C18:1n9c and C18:2n6t were the major types in the four types.  
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The relatively unchanged contents of C18:2n6t and C18:1n9c in the course of the refining 
(from crude oil until oil-3) suggested that they may constitute the triglycerides. That there were 
not significant difference in the contents of the two fatty acids between the oil-1 and the oil-2 
indicated that the fatty acids were almost unaffected by the NaOH neutralization and thus 
suggested that they may be the components of triglyceride of the soy oil but not be as free fatty 
acids. C16:0 and C18:3n6 composing 11.8 % and 3% of the total amount of the four fatty acids in the 
crude oil were demonstrated in the crude oil but were not in oil-1, oil-2, and oil-3 in this study. 
There might other types of fatty acids in the soy oils, besides, which were not detected out due to 
the limited detection limit of the assay. 
There is not doubt that the gum-1 was a mixture, where except phospholipids there 
should be other soy oil ingredients. Thus the concentrations of the lipids in the gum solution 
were much less than the ones in the oils. A low concentration of lipid would be one of the 
reasons why no fatty acids were detected out in the gum-1 when combining with the detection 
limits of GC-FID method. As for the fatty acids of the gum-2-1 and gum-2-2, the table 4 shows 
that there was 72.2 µg/mg of C18:2n6c in the gum2-1 and 44.4 µg/mg of C18:2n6c in gum2-2, a 
fatty acid with the highest frequency in the four fatty acids. C18:2n6c in the two gums may result 
from the addition of the over amount of NaOH leading to the release of the fatty acid out of 
triglyceride. 
The gum-3 contained the four fatty acids: C16:0, C18:1n9c, C18:2n6c, and C18:3n6, 
shown in the table 4, and also contained the various other constituents such as the pigments, 
triglyceride, tocopherols, and beta-carotene (Erickson, 1980). Finally, it should be mentioned 
that the profiles of fatty acid composition of triglycerides of soy oils are the mixed modes but not 
single ones, namely, there are more than two composition profiles of fatty acids in a sample of 
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soy oil, varying with the varieties and cultivars of the seeds (Erickson, 1980). The antioxidant 
activities of the eight groups of samples of the oils and the gums would be analyzed afterwards. 
 
Table 5 The yields of the fatty acids of the soy oils and gums based on 10.40 gram crude oil 







C16 C16:0 880 a — — — 
C18:1n9c 1799 1502 1314 947 
C18:2n6c 4638 4098 3603 2525 C18 










C16 C16:0 14 14 14 14 
C18:1n9c — — — 21 
C18:2n6c — 716 355 76 C18 
C18:3n6 — — — 5 
a, the yields of the fatty acids in this table were on the basis of refining 10.40 gram crude oil and the yield of a fatty 
acid was calculated with the concentration of the fatty acid in the table 4 multiplied by the correspondingly averaged 
yield of the oil or the gum in the table 3 
 
 
The typical profiles of compositions of the fatty acids in crude and refined soybean oils 
have been published by Erickson (Erickon, 1980). It was reported that two fatty acids, oleic 
(C18:1n9c) and linoleic (C18:2n6c) with the highest frequency in the fatty acids of soy oil, 
account for “22.8 gram and 50.8 gram per 80.7 gram of total fatty acids.” (Erickon, 1980) The 
data were agreed well with the results shown in the table 4. This result evidences that the two 
fatty acids compose the triglycerides of soy oil. According to Erickson, the refining process used 
in an edible oil industry did not significantly affect the stability of the compositions of the 
triglyceride but only removes free fatty acids, lecithin, and pigmentation, and lower the contents 
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of minor constituents such as the tocopherols (by 31-47%), the sterols (by 25-32%), and squalene 
(by 15-37%) (Erickson, 1980). The results of the study further evidenced the claim of that the 
compositions of the fatty acids of triglycerides are not affected by the refining course, since 
(C18:1n9c) and linoleic (C18:2n6c) were kept unchanged in the refining course, shown in the 
table 4. Finally, it was estimated that the loss of the pigments mainly occurred in the bleaching, 
since that the gum-3 appeared as red-browning substance and the oil-3 was turned into lighter 
yellow. The yields of the fatty acids at each stage of the refining course were calculated and 
summarized in the table 5.  
3.4 The Compositions and Distributions of Tocopherols in the Soy Oils and Gums   
It is well established that tocopherols of soy oil are the antioxidants at a normal experimental 
temperature, i.e., less than 60oC, and hence the second work in the research was to analyze the 
distributions of tocopherols among the eight groups of the oil and gums to determine if there 
were an association between the distributions and the antioxidant activities. The typical HPLC 
chromatograms of the tocopherols are shown in the Figure 4A – 4G. Three types of tocopherols 
(α, γ, and δ) were evidenced in the soy oils (Figure 4A, 4B, 4C, and 4D) consistent with the 
reports in the literature (Min and Lee, 1999).  The retention times of the three types of 
tocopherols were 5.0min of α-tocopherol, 9.3min of γ-tocopherol, and 15.2min of δ-tocopherol. 
The retention time of the compounds in the samples of the oils agreed fairly well with the ones of 
the standard solutions of the tocopherols (data not shown), verifying the identities of the HPLC 
peaks as tocopherols. The retention times of the tocopherols from the different samples of the 
refining batches expressed good reproducibility. Of the types, γ-tocopherol had the highest peak 
heights, shown in Figure 4. The three tocopherols were not found in gum-1, gum2-1, and gum2-2 
(Figure 4E, 4F, and 4G), demonstrating the fat-soluble properties of the substances.   
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2.0 0 4 .0 0 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20 .00 
Figure 4A-4G—HPLC chromatograms of the tocopherols of the soy oils and gums 
A=HPLC chromatogram of the tocopherols in crude oil, B=of the tocopherols in oil-1, C=of the tocopherols in oil2, 
D=of the tocopherols in oil3, E=of the tocopherols in gum1, F=of the tocopherols in gum2-1, and G= of the 
tocopherols in gum3. When accounted from left to right in figure4A, the second peak, third peak, and fourth peak 
represent α-, γ-, and δ-tocopherol, respectively. The three peaks had the same retention time and the position of 




















 The results of quantity for the tocopherols were summarized in table6.  It showed that γ- 
tocopherol accounted for the highest portion of the three tcoopherols (consisting of 51% of total 
amount of the three tocopherols), δ-tocopherol the next (consisting of 27%), and α-tocopherol 
the lowest (consisting of 22%). It was particularly noteworthy that the contents of γ-and δ-types 
(both types composing 78% of total amount of the tocopherols) were not affected by the refining 
process, for the contents of the two compounds were kept unchanged from crude oil to oil-3 
(Table 6). When considering the report in the literature about that crude oil had higher 
antioxidant activity than did refined oil, it was concluded that γ-and δ-types may not be the major 
antioxidants that crude oil exhibited. Another type, α-tocopherol, was significantly decreased by 
one-fold by the degumming due to the addition of water. A possible explanation for the decrease 
was that the tocopherol might be dispersed to water phase of the gum-1 with the help of the 
emulsification of phospholipids.  
 













0.084 ± 0.002 0.066 ± 0.001 0.114 ± 0.005 
γ-tocopherol 0.379 ± 0.040 0.354 ± 0.006 0.353 ± 0.007 0.381 ± 0.004 
δ-tocopherol 0.201 ± 0.007 0.195 ± 0.005 0.194 ± 0.003 0.202 ± 0.001 







α-tocopherol — d — — — — — 0.813 ± 0.043 
γ-tocopherol — — — — — — 3.001 ± 0.044 
δ-tocopherol — — — — — — 2.300 ± 0.029 
a, crude soybean oil 
b, the averaged value for duplicate tests and µg/mg representing µgs of the tocopherols per mg of oil or gum 
c, representing standard deviation  
d, “—” no data 
 39
On the other hand, it should be mentioned that assaying α-tocopherol had greater relative 
errors than did assaying other two types of tocopherols in the analysis since the concentration of 
the α-tocopherol in a sample was much less than the ones of γ-and δ-types. Therefore, it has not 
been determined if α-tocopherol flowed into the gum-1 from the crude oil only on the basis of 
the current data. Further discerning the antioxidant activities of the three compounds in the gum-
1 remain also. 
The table 6 shows that the gum-3 contained the three tocopherols, each type of the 
compounds demonstrating the highest concentrations when compared with their counterpart in 
the eight groups of the oils and the gums. Similar to the explanation in the previous section, the 
result may be explained as the result of the universal absorption of silica gel particles to the 
components of the oil-3. As the result an entire profile of the tocopherol composition occurred in 
the gum. The conclusions drawn in this section were that the loss of the γ-tocopherol and δ-
tocopherol predominately occurred in the bleaching and the loss of the α-tocopherol occurred at 
the degumming (table 6). The yields of the three tocopherols were calculated and the results were 
summarized in the table 7.  
It shows that from crude oil to the oil-3 the mass of the three compounds was gradually 
reduced, main cause of which was the loss of the oils. It was noted that the amount of the loss of 
the γ-tocopherol in the gum-3 was almost half of the amount of the compound in the oil-3, and 
the lost amount of δ-tocopherol due to the bleaching was almost 1/3 of the amount of the 
compound in the oil-3. It indicates the distribution of the two compounds. Also it evidenced that 
the silica gel absorbed not only pigments but also the triglycerides and the tocopherols. 
Similarly,  on the basis of the fact that assaying α-tocopherol had greater relative errors than did 
assaying γ-tocopherol and δ-tocopherol under the HPLC assay conditions, the abnormal values  
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Table 7 The Yields of the Tocopherols of the Soy Oils and Gums Based on 10.40g Crude Oil 







α-tocopherol 1736 835 586 647 
γ-tocopherol 3941 3521 3133 2162 
δ-tocopherol 2090 1939 1722 1146 







α-tocopherol — a — — 173 
γ-tocopherol — — — 639 
δ-tocopherol — — — 490 
a, the yields of the fatty acids in this table were on the basis of refining 10 gram crude oil and the yield of a fatty 
acid was calculated with the concentration of the fatty acid in the table 4 multiplied by the correspondingly averaged 
yield of the oil or gum in the table 3 
 
 
of the yields of α-tocopherol present between the oil-2 and the oil3 present in table 7 may be able 
to be explained.   
3.5 Analyses for the Antioxidant Activities of the Soy Oils and Gums using a Cholesterol 
Model  
 
In this section, antioxidant activities of the eight groups of the soy oils and gums were analyzed 
using a cholesterol model, where 25 ppm standard cholesterol solution was used as the oxidation 
substrate and the oxidation was induced by heating at 150oC for 15min. Both oxidant and 
antioxidant reactions were assumed and thus designed to occur on inside surface of bottom wall 
of a disposable glass test tube, if a sample contains an antioxidant, where after hexane solvent 
was removed via evaporation only the solute portion of the reaction mixture of cholesterol and a 
sample was left. For this purpose, 25ppm cholesterol and 50ppm of a sample of the oils, gums, or 
the control  compounds were added in a glass test tube and the solute portion was coated on the 
inside surface of bottom wall by evaporating the mixture to dryness. Then the tubes were exactly 
heated at 150oC for 15min in dark that was assumed to induce the autoxidation of cholesterol 
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leading to cholesterol level on the inside surface reduced. The residual cholesterol after the 
heating was analyzed by GC-MS, regarded as an index of antioxidant ability of an oil or gum 
sample. The higher residual cholesterol, the higher antioxidant activity a sample possessed. The 
results released that the heating treatment significantly decreased cholesterol, and the crude oil 
exerted bigger protection to cholesterol oxidation than did the refined oils and triglyceride 
standard (as a control). Thus the crude oil probably contained some substances with antioxidant 





















































Figure 5A and 5B—Analyses for the antioxidant activities of the soy oils and the gums by a cholesterol model. All 
of the oils, gums, and the CKs were 50ppm. The heating blank represents 25ppm cholesterol with no heating 
treatment. Figure 4A shows (from left to right) the heating blank, CK cluster (including crude oil, triglyceride, and 
oleic acid, from left to right), and the clusters of the three oils. Figure 4B shows the clusters of the four gums. For 
each oil or gum, there were three samples (clustered), coming from three different bathes of refining soy oil, 
analyzed, where each sample was tested duplicate. The bars represent the means and the error bars represent 





The data in Figure 5A and 5B showed that the gum-1 exhibited the biggest antioxidant 
activity in these samples (the variance scopes of the antioxidant activities in three batches of the 
gum-1 samples were from 13 to 18ppm), suggesting that there may be an antioxidant substance 
in the gum-1. The variance of the activities of the three oils (oil-1, oil-2, and oil-3) was from 
3ppm to 8ppm. Based upon the data, it was estimated that some antioxidant substances might 
flow from crude oil to gum-1 after degumming, as the result of the polar characteristics of the 
compounds or emulsification by phospholipids helping dispersing the compounds to water phase. 
It was also observed that the content of the residual cholesterol of the gum-1 (Figure 5B) were 
three to four folds as much as the ones of the gum-3 and one to two folds as much as the ones of 
the gum-2-1 and the gum-2-2.  
When combining with the data in table 6, furthermore, it was inferred that the γ- and δ-
tocopherol might not be the major elements accounting for the protection function of the crude 
oil, when studied with the model, for there were not apparent difference in the contents of the 
two tocopherols between the crude oil and the oil-1 (Table 6). As for α-tocopherol, the situation 
was different, where the half amount of the compound in the crude oil was shown lost as the 
degumming, and probably delivered to the gum-1. Thus the antioxidant activity of α-tocopherol 
in the gum-1 was not determined only based on the data. The analysis results were present in 
Figure 5A and 5B, which represents the results of the analyses for three batches of samples of the 
oils and gums and where each sample was run twice, the values averaged.  
Equally importantly, the antioxidant ability of the gum-1 was higher than the one of 
crude oil and two controls, triglyceride and oleic acid. Therefore, it was concluded that some 
substances with antioxidant activity in crude oil might be delivered to the gum-1 due to the 
hydration. The substances may play an important role in the protection against cholesterol 
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oxidation. Additionally, it was pointed out that the results of the preliminary tests for the 
precision of the cholesterol method demonstrated a good precision of the analysis (data no 
shown). 
3.6 Analyses for Antioxidant Activity of the Soy Oils and Gums Using a DHA Model 
DHA is a poly-unsaturated fatty acid containing six conjugated double bonds on its alky chain to 
being readily oxidized by active oxygen species. In this section, a standard DHA solution was 
used as the autoxidation matrix to test protection ability of the oils and gums to DHA oxidation 
when induced by the heating in dark. Similar to the cholesterol model, a residual DHA level after 
the heating treatment was regarded as an index of antioxidant ability of a testing sample. The 
residual DHA was analyzed by GC-FID. The higher the residual DHA levels, the higher the 
antioxidant ability a sample had. For this purpose, 200ppm DHA and 50ppm of one of the oils, 
the gums, or the controls were added to a disposable glass test tube where an oxidation and 
antioxidation were presumed to simultaneously occur if the sample contains an antioxidant 
substance. The solute portion of the mixture of DHA and a sample was coated on inside surface 
of bottom wall of a glass test tube by removing the solvent portion of the reaction mixture using 
a vacuum evaporator. The coated tube was exactly heated at 150oC for 15min in dark that was 
presumed to induce DHA oxidation causing the reduction of DHA. Apparently, the decreased 
degree of DHA was a function of antioxidant ability of a given sample. A standard C17 solution 
was then added to the tube cool, which is used as an internal standard producing a solution 
sample to being analyzed by GC-FID. The peak heights of the samples were quantified and the 
obtained values are represented in Figure 6A and 6B.  
The results demonstrated that gum-1 exhibited the highest antioxidant activity to DHA 
oxidation in these samples, consistent with the result released by the cholesterol model (Figure 
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5A and 5B). It is thus confirmed that there might be some antioxidant substances in the gum-1. 
The data in Figure 6A and 6B also showed that the gums exhibited higher antioxidant activities 
than did the oils. It has not been clear, however, if the observation was related to a given test 
model or if the DHA model is more sensitive to an antioxidant activity test than is the cholesterol 
model.  
 









































Figure 6A and 6B—Analyses for the antioxidant activities of the soy oils and the gums by a DHA model. All of the 
oils, the gums, and triglyceride (control) were 50ppm. A heating blank representing 200ppm DHA with no heating 
treatment was tested as 179.7±14.8 ppm (no shown in the pictures). Figure 5A shows (from left to right) the cluster 
of crude oil and triglyceride (control) and the clusters of the three oils. Figure 4B represents the clusters of the four 
gums. For each oil or gum, there were three samples (clustered), coming from three different batches of refining soy 
oil, analyzed, and each sample was tested duplicate. The bars represent the means and the error bars represent 






It has been well established that tocopherols inhibit oil autooxidation as a natural 
antioxidant during the storage or shipment of foods at a normal temperature environment. Like 
other bioactive substances with plant sources, the performance of tocopherols as antioxidants 
depends on the given chemical reaction conditions: concentrations of the antioxidants, reaction 
medium types such as oil matrix, temperature, O2 pressure, treatment time, catalysts, and pH. For 
example, pH affects oxidative reactions by influencing prooxidant and antioxidant activity of the 
compounds. Therefore, when the antioxidant activities of a phenolic compound are studied, pH 
effect on the antioxidant property need particularly be considered. Particularly importantly, the 
temperature conditions used to treat the samples containing tocopherols must be considered. 
There is evidence showing that the concentrations of tocopherols in oil were significantly 
reduced when the oil was heated (Foote, 1979; Min, et al., 1989). Tocopherols are unstable to a 
heating treatment at over 150oC particularly when they studied as approximate pure compounds 
in a chemical reaction model. But an oil medium may supply an effective protection to the 
compounds. Therefore, some researchers proposed that if possible it is best to use pure 
compounds to allow a better evaluation and comparison on how a compound acts, alone or in 
combination with other food components. Other workers proposed that although the accelerated 
stability tests for stability of vegetable oils are sometimes necessary the gained results are not 
easily extrapolated to the practical applications of the products. The limits of model-systems 
should be considered also (Berset and Cuvelier, 1996).  
3.7 Elution and Fractionation of Gum-1 by a Low-pressure Column of Silica Gel 
The components of the gum-1 were separated by a column of silica gel into three groups in the 
light of the differentiation in the polarities of the components. The column elution was conducted 
at normal atmospheric pressure (one atm) and room temperature (20-25oC) at a consistent flow-
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rate. Three solvents (hexane, ethyl acetate/hexane (48/52), and methanol) were applied to the 
column one after another to deliver and separate the components, where it was assumed that 
hexane carried a non-polar group, ethyl acetate/hexane a weak polar one, and methanol a polar 
one. After the fractionalization, the solvent volume of each fraction was reduced by evaporation 
in order to increase the concentrations of the fractions for the purpose of the antioxidant 
activities followed. No antioxidant activity was found in the blank solvents of the three mobile 
phases, namely, no positive GC-MS peaks. Before the vacuum evaporation, also importantly, the 
three fractions of the silica gel column were centrifuged and filtered, to remove possible silica 
gel particle, which had been evidenced to be necessary for reducing a possibility of the 
occurrence of false peaks in the HPLC and the GC-MS analyses.   
Antioxidant activities of each fraction and triglyceride (as a control) were analyzed using 
the cholesterol model, where each fraction was run twice, the values averaged. The results are 






























Figure 7—Analyses for the antioxidant activities of the three fractions (hexane fraction, ethyl acetate/hexane 
fraction, and methanol fraction fractionalized by a silica column separation) using the cholesterol model. For the 
samples and triglyceride, 50pm were tested duplicate. The bars represent the means and the error bars represent 




The results of the analyses for antioxidant activities released that there were the apparent 
difference in the antioxidant activity among the three fractions. It demonstrated that the activity 
of the ethyl acetate/hexane fraction was four folds as much as the ones of triglyceride and the 
hexane fraction and almost one fold as much as the one of the methanol fraction. Hence, it is 
believed that the ethyl acetate/hexane fraction exhibited the highest antioxidant activity in the 
fractions.  
3.8 Elution and Fractionalization of the Ethyl Acetate/Hexane Fraction by RE-HPLC and 
Analyses for the Antioxidant Activities of the Obtained RE-HPLC Fractions 
 
In this section, the components of the ethyl acetate/hexane fraction were further separated, 
purified, and analyzed by using RE-HPLC to determine a component or fraction with antioxidant 
activity. For the purpose, a scheme of the two-step elution and fractionalization was conducted as 
the following: (1) at the first-step of the elution the ethyl acetate/hexane fraction that had been 
determined with the highest antioxidant activity was fractionalized via RE-HPLC analytical 
column using pure methanol as mobile phase, and (2) at the second step a fraction determined at 
the first-step with higher antioxidant activity than other fractions was fractionalized at the same 
RE-HPLC condition but using a solvent with greater polarity (5% water in methanol). The 
analyses for the antioxidant activity of the obtained fractions were performed by the cholesterol 
model.   
At the first step, in details, 20μl of sample was analyzed by the RE-HPLC at 1ml flow-
rate at room temperature (20oC) for 20min, monitored at 204nm. A typical chromatogram was 
thus shown in Figure8 representing “a peak” with the retention time of 3-4min. The result was 
reproducible. It was apparent that most components in the sample were eluted out prior to 5 min, 
an observation that was evidenced with an extended elution period.  
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Based upon the analyses the above, the HPLC profile was arbitrarily fractionalized into 
two portions, the first fraction (that was with the peaks, collected from 0 to10min) and the 
second fraction (that was with no peaks, collected from 10 to 20min) in Figure 8. At the same 
HPLC conditions but for the purpose of the isolation and preparation, 50µl sample was applied 
to the HPLC and similarly the two fractions were collected, respectively. The operation was run 
twenty times (20 circles) and thus totally 1000µl (1ml) sample was run with the HPLC. As a 
result, total 200ml of eluent for each fraction was gained, respectively. The solvent volume of 
each eluent was reduced using a vacuum evaporator and hence the concentrations advanced. The 
final volumes of the eluents were set as 10ml. It is noted that through the first-step elution of 
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Figure 8—RE-HPLC chromatogram of the ethyl acetate/hexane fraction. The volume of the sample was 20µl and 
the analysis was monitored at 204nm. Other RE-HPLC conditions see Materials and Methods section.  
 
The antioxidant activities of the two HPLC fractions obtained in the first-step 
fractionalization were analyzed by the cholesterol model. The results of the analysis were present 
in Figure 9, where for either fraction there were two samples, coming from two batches of 
refining soy oil, being analyzed, each sample run duplicated and the values averaged. The results 
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released that the first fraction (the one with peaks collected from 0 to 10min) exhibited higher 



























Figure 9—Analyses for the antioxidant activities of the two fractions (the first fraction and the second fraction 
fractionalized at the first-step RE-HPLC elution separation) by using a cholesterol model. The mobile phase was 
methanol. The analysis conditions see the Materials and Methods. For each fraction, there were two samples 
(clustered), coming from two different batches of refining soy oil, analyzed, and each sample was tested duplicate. 
The bars represent the means and the error bars represent standard deviations.  
 
 
It was noticed that bigger difference in the antioxidant activity between the two fractions 
did not occur as expected since the purity of a potential antioxidant in the fractions was advanced 
by the RE-HPLC purification. Although the activity of the first fraction was higher than the one 
of the second fraction, instead, the difference between them only was less than one fold. An 
explanation for the observation would be that the HPLC isolation performance led to the dilution 
of the sample and thus lowered the concentrations of the potential antioxidants even though its 
purity was advanced. Although the evaporation conduction reduced the solvent volume of an 
eluent and thus condensed the eluent by 20 folds (200ml/10ml), a component in the HPLC 
sample was eventually diluted to 10 folds (10ml/1ml), when it is considered that totally 1ml 
(1,000µl) sample was injected in the runs of 20 circles of HPLC and the final volume of a 
fraction was 10 ml.  
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At the second-step of the elution, the first fraction (that was the fraction with peaks 
collected from 0 to 10min) isolated from the first-step of the elution was analyzed by the RE-
HPLC using 5% water in methanol, run at a flow rate of 1ml/min and monitored at 204nm. Total 
run time was 12min. A typical chromatogram is shown in Figure 10 showing 4-5 peaks 
distinguished, including a single peak with a retention time of 6.3min and another single one 
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Figure 10—RE-HPLC chromatogram of the first fraction fractionalized in the first-step RE-HPLC elution eluted by 
a methanol M.P. The sample volume was 20μl and the analysis was monitored at λ-max = 204num. Other RE-HPLC 
conditions see Materials and Methods section 
 
The result is reproducible for the samples coming from the different batches of the gum-1 
samples. It was reasonably argued, nevertheless, that the two single peaks would not be two 
single individual peaks but probably consisted of more than two individual peaks overlapped. 
For the purpose of separating an individual peak, apparently, modifying the composition of the 
mobile phase and improving the resolution is an effective way. 
Based upon the same purpose as the one of the first-step, the HPLC elution profile 
present in Figure 10 was arbitrarily fractionalized into two portions: the first fraction (that was 
collected from 0 to 6min) and the second fraction (that was collected from 6 to 12min), where 
50µl sample was injected for the purpose of preparation.  Such fractionalization operation was 
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run twenty circles at a flow rate of 1ml/min and at room temperature (20-25oC) (totally 50 * 20 
equal to 1000µl sample was applied to the HPLC) and two fractions was collected in the 
centrifuging tubes, respectively. As the result, total 120ml eluent of each fraction was gained. 
Similarly, the solvent of the eluents was reduced by vacuum evaporation to increase the 
concentrations of the fractions, and the final volumes of each fraction were set as 5ml. In the 
second-step of HPLC fractionalization, hence, a sample run with the HPLC was diluted by five 
folds (5ml/1ml). As the result of the conduction of the two-step scheme, a sample of ethyl 
acetate/hexane fraction was eventually diluted by 50 folds (10 * 5).  
The antioxidant functions of the two fractions were analyzed by the cholesterol model. 
The analysis results were represented in Figure 11, where for each fraction three batches of 
samples of refining soy oil were analyzed, clustered as a group of three bars, each sample run 
























Figure 11—Analyses for the antioxidant activities of two fractions (the first fractions and the second fraction 
fractionalized at the second-step RE-HPLC elution separation) by the cholesterol model. The mobile phase was 
5%water in methanol. For each fraction, there were three samples (clustered), coming from three different batches of 
refining soy oil, analyzed, and each sample was tested duplicate. The analysis conditions see the Materials and 
Methods. The bars represent the means and the error bars represent standard deviations.  
 
The data in Figure 11 released that the antioxidant activities of the second fraction (the 
one collected from 6 to 12min) was one to four folds as much as the ones of the first fraction (the 
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one collected from 0 to 6min), indicating that the second fraction had higher activity than did the 
first one. By comparing the antioxidant activity of the second fraction in Figure 11 with the one 
of the first fraction in Figure 9, it was noted that the antioxidant activity of the fraction obtained 
by the HPLC was obviously advanced. It once more indicates the dependence of the antioxidant 
activity of a potential antioxidant on the purification and/or concentration of the component. That 
is, higher purity and/or higher concentration of a potential antioxidant in a sample accounted for 
higher antioxidant activity. The above observation was reproducible for the ethyl acetate/hexane 
fractions coming from the different batches of gum-1s. Therefore, a conclusion was that a RE-
HPLC fraction (the one collected from 6 to 12min) coming from the ethyl acetate/hexane 
fraction of the silica gel column exhibited antioxidant activity and the activity was apparently 
dependent upon the advanced concentration and/or purity. In the fraction the two HPLC peaks 
were with the retention times of 6.3min and 8.8min, respectively. The additional tests evidenced 
that the increased sizes of HPLC samples (either volumes or concentrations) correspondingly 
increased the areas of the two peaks, showing the dependence of the quantity of the two 
components on sample sizes and thus the possibility of being as compounds.  
3.9 Analyses for GC-MS Chromatograms of the Fractions from the Silica Gel Column and 
HPLC Elution  
 
The GC-MS chromatograms of the four fractions: the ethyl acetate/hexane fraction, the first 
fraction obtained at the first-step fractionalization of RE-HPLC, and the two fractions at the 
second-step fractionalization of RE-HPLC, were analyzed to identify the possible compounds. 
For the purpose, 5µl of each fraction was injected in GC-MS, run at the same GC conditions as 
the ones conducted in the cholesterol model. The total run time was 17min. The MS 






Figure 12A-12D—MS chromatograms of the four fractions of column elution. A=the chromatogram of the ethyl 
acetate/hexane fraction, B=of the first fraction of the first-step RE-HPLC elution (0-10min section), C=of the first 
fraction (0-6min fraction) of the second-step RE-HPLC elution, D=of the second fraction (6-12min fraction) of the 
second-step RE-HPLC elution). The sample volumes injected was 5µl and total run time was 17min at the same GC 
conditions. The GC-MS conditions see Materials and Methods section. When the peaks were accounted from right 







In Figure 12A-12D, figure 12A represents the chromatogram of the ethyl acetate/hexane fraction, 
12B of the first fraction obtained at the first-step fractionalization of RE-HPLC, 12C of the first 
fraction (from 0 to 6min) at the second-step fractionalization, and 12D of the second fraction 
(from 6 to 12min) at the second-step fractionalization of RE-HPLC, respectively. The results 
were highly reproducible. By comparing the four chromatograms, it was observed that in 12D a 
peak with the retention time of 13.50min (that is the first peak when counted from right to left) 
also occurred in 11A and 11B at the same position, namely, with the same retention time, but did 
not occurred in 11C. This observation shows that this GC peak was a counterpart of the RE-
HPLC peak (with the retention time of 8.8min) at the second-step RE-HPLC elution (figure 11). 
That is, the GC peak and the RE-HPLC peak may represent the same compound. Furthermore, 
the observation indirectly evidenced the individuality of the HPLC peak (8.8min) in the second-
step fractionalization of RE-HPLC (Figure 11).  
Similarly, the fifth peak (that is the fifth one when counted from right to left in 12D) with 
the retention time of 6.3min also appeared in the 12A and 12B at the same position but did not 
appear in the 11C (Figure 12A-12D), suggesting that the GC peak corresponded to the HPLC 
single peak with the retention time of 6.3min, shown in the figure 11. Thus they represented the 
same compound.  
By analyzing the data, it was released that the silica column separation advanced both 
purity and concentration due to with bigger capacity of preparation than did RE-HPLC; whereas 
the RE-HPLC separation, though producing an advanced purity, diluted both the samples and a 
potential antioxidant in the samples. Thus, it was concluded that two compounds, with GC-MS 
retention times of 13.50 min and 9.30min, were separated and purified by RE-HPLC. Either or 
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both of the compounds may have antioxidant activity.  And they may account for the antioxidant 
activity of ethyl acetate/hexane fraction, furthermore of gum-1, and of crude soy oil.  
3.10 Identification for the Compounds by Searching a GC-MS Database (“Search 
Library”)  
 
The identities of the two individual RE-HPLC peaks in the RE-HPLC fraction were putatively 
determined by searching the GC-MS database, “the Search Library.” Five μls of sample of the 
HPLC fraction was thus run by GC-MS for the purpose. The mass spectrum of a peak (with 
13.50min retention time) was present Figure 13 and another peak (with 9.30min) was present in 
Figure 14, where Figure 13 was showed as an identity of ergosterol and figure 14 as an unknown 
substance. However, there were two observations to be mentioned: (1) the identity of ergosterol 
was assigned with a low probability value (19%) and (2) instead of ergosterol the identity of the 
compound was sometime assigned as “cholesterol” by the database (data no shown). It 
demonstrated that the identity of the compound may be determined as a plant sterol but the 
species of the sterol has not been finally determined only by the study.  
Although the several workers have recently reported that they found plant cholesterols, if 
or not there is cholesterol in plant kingdom has been a controversy issue. A probability value 
assigned to an identity of a compound depends upon not only the purity but also the 
concentration of the sample being analyzed. Although the purity of the components in a fraction 
was continually advanced as the progressive course of the separation and purification in the 
research, the concentrations of the compounds were gradually reduced due to the dilution effect 
caused by the LC conduction as mentioned the early. Low concentrations of the compounds 
might result in a low probability value of matching. For the objective of more precise 
identification, hence, large scope preparation and crystallization of the compound are apparently 
necessary. Moreover, it was noted that a standard solution of animal cholesterol had a retention 
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value less than 10min at the GC conditions, rather than 13.5min of the plant sterol. Therefore, it 
was reasonably concluded that the compound (ergosterol or other phytosterols) should belong to 
plant sterol group.  
 
 
Figure 13—Mass spectrum of the peak with a retention time of 13.50min that is the first peak counted from left to 




Figure 14—Mass spectrum of the GC-MS peak with a retention time of 9.30min that is the fifth peak counted from 
left to right in the Figure 11D. The GC-MS see Materials and Methods section 
 
The data also showed that the compound identified as a phytosterol had a maximum 
absorption at 204nm suggesting that there may be a ring structure or multiple double bonds on 
the molecule. The fact that the compound was eluted last on RE-HPLC and GC columns 
suggested that the compound had stronger polarity and stronger absorption on the fixed phase of 
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GC silica column than did other components in the same sample.  When comparing the structure 
of ergoserol with the one of animal cholesterol, except a multiple-ring (sterol nucleus) and a 
side-chain common between the two molecules, it was noticed that an ergosterol molecule has 
another double bound and H atom on the side-chain, as well as another double bond on the sterol 
nucleus, being as an unsaturated sterol. If this compound is ergosterol, then the double bond and 
the H atom on the side-chain would account for the stronger polarity and stronger absorption 
exhibited. 
It used to be believed that phytosterols of soy oils have no apparent biological activities 
(Erickson, 1980). In the last decade, however, more and more studies have released that 
phytosterols chemically act as an antioxidant, a modest radical scavenger, and physically as a 
stabilizer in the membrane (Guillen and Manzanos, 1998; Yoshida and Niki, 2003). The 
phytosterols of food sources have also been evidenced with the antioxidant activities in the 
stabilization of edible oils (Wang, et al., 2002). It was found that β-sitosterol, stigmasterol, and 
campesterol exerted the antioxidant effects on the oxidation of methyl linoleate oil solution 
(Yoshida and Niki, 2003). C. Gertz and S. P. Kochhar (2001) compared the effectiveness of 
several synthetic and natural antioxidants. The results of their study showed that tocopherols, 
tocopherol esters, and BHA stabilized oil with low effects at frying temperature (170 oC for two 
hours); while ascorbyl palmitate and some phytosterol fractions were shown to have the most 
stabilizing activity under the analysis conditions. The results of the studies demonstrated that 
ascorbic acid 6-palmitate and some phytosterol fractions acted with the greatest antioxidant 
activity (Gertz, et al., 2000; Gertz and Kochhar, 2001).  
Therefore, this study released that a compound evidenced with antioxidant activity was 
isolated, purified, and preliminarily determined as a phytosterol, which supported the reports in 
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the literature. It was clear in the literature that soy lecithin is mainly delivered to the hydrated 
gum when refining soy oil (Erickson, 1980). And phytosterols are readily emulsified with 
lecithin (phospholipids) to disperse to non-fat or low-fat media (Ostlund, 2002; Ostlund, 2004). 
The fact that the phytosterols were isolated from the gum-1 agreed well with the reports the 
above.  
The mechanisms of antioxidation to lipid oxidation by the phytosterols remain unclear. It 
was hypothesized that sterols with an ethylidene group on the side-chain had effects in retarding 
polymerization at the temperatures similar to the ones used in deep-fat frying (Boskou, 1998). As 
for the mechanism of the oxidation reactions related to an elevated temperature, some 
investigators proposed that under a lower temperature a radical peroxidation mechanism acts; 
while when a large volume of oil is heated in a fryer and the oxygen supply is poor non-radical 
reactions such as elimination or nucleophilic substitution reaction predominates (Gertz, et al., 
2000). As a delivering agent of hydrogen, the heating stability of some antioxidants such as 
tocopherols need further be studied, particularly when the compounds are in the pure or 
approximate pure form.   
The result of identification for the compound showed that the sterol may be ergosterol. 
As a minor constituent, ergosterol mainly distribute in cell membrane of fungus and plants. For 
example, ergosterol account for 90% of sterols of yeast (Matton, et al., 1977) where the sterol as 
pre-vitamin D can be converted into vitamin D by ultraviolet radiation. It has not been reported, 
nevertheless, that ergosterol was found in soy seed or soy oil. Thus, the identity of an ergosterol 
needs the further confirmation. As for the aspect of antioxidant activity, the ergosterol from yeast 
has been reported to act as an antioxidant to protect lipid on membrane from peroxidation in vivo 
tests. Wiseman H. et al (1993) reported that ergosterol-containing lipid fraction extracted from 
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yeast microsomal membranes inhibited lipid peroxidation of membranes. The shown antioxidant 
ability was enhanced by the incorporation of tamoxifen (Wiseman, et al, 1993). Rice koji 
fermented with Aspergillus candidus also was evidenced with antioxidant ability (Yen, et al, 
2003). The results from other studies released that ergosterol extracted from the mycelia of the 
edible mushroom grifola frondosa was showed to have antioxidant activities (Zhang, et al., 
2002). As the result, some researchers proposed that antioxidant ability of Vitamin D to 
membrane oxidation may be based on their molecular relationship to ergosterol (Wiseman, et al, 
1993). Except phospholipids, sterols are the second major lipid widely distributing on membrane 
systems of cells in both animal and plant. It may be hypothesized that one of the major functions 
of sterols on membranes is to readily act as an antioxidant to protect the unsaturated fatty acids 
of phospholipids from lipid peroxidation. In addition, it has been established that tocopherols as 
phenolics occurring on membrane systems of cells act as antioxidants.  
One of the major conclusions in the research was that a plant sterol, probably being 
ergosterol, may mainly be responsible for the antioxidant activity that crude soy oil exerted when 
the antioxidant activities of the oils and the gums were studied by the two chemical models, 
cholesterol model and DHA model. One of the paths towards the further study on this issue 
would be to confirm the sterol species as erogsterol, plant cholesterol, or other plant sterols. The 
confirmation works can be accomplished by recruiting other analysis tools such as: 
crystallization, melting point test, NMR, and infrared spectra, etc. Equally importantly, if a 
phytosterol from soy source exhibits the antioxidant activity, it will not be unique case and 
similar antioxidant activity would be found in other vegetable oils or plant species, such as wheat 
germ oil, rice bran oil, and/or sesame oil, since these oils have been reported to contain 
phytosterols and the contents of the sterols rank on the top fourth in the plant stuffs investigated 
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(Itoh, et al., 1973; Weihrauch and Gardner, 1978).  Considering the great application 
significance of plant sterols in medical therapy and food industries as a natural ingredient of 
plant foods, it is necessary to deeply understand the characteristics and functionality of plant 
sterols and to discern other possible biological activities of the compounds.  
Additionally, the antioxidant activities of phytosterols released by the study need be 
further confirmed by using other assay methods and tools, particularly the ones widely accepted 
and used in the area of lipid oxidation and free radical chemistry. As soon as the phytosterols are 
confirmed with antioxidant activity, when considering the non-toxicity, no side-effects, and the 
neutrality of the compounds, the applications of the compounds as the natural antioxidants and 
additives may cover the following aspects: 1) the use as an antioxidant in storage and shipping of 
edible oils and foodstuffs containing lipids, 2) processing and preparation for containing-lipid 
foods, and 3) the use as a therapy agent, added to margarine, cooking oil, butter, and other foods 
containing lipids. Also importantly, it is reasonably presumed that except the antioxidant activity 
and the replacement for animal cholesterol of blood micelles in human bodies, there may be 
other bioactivity to be understood and discerned. In addition, the modes of interactions between 









CHAPTER 4 CONCLUSION 
 
The results of this study showed that a compound isolated from the gum of soy oil may 
mainly account for the antioxidant activity that crude soy oil exhibited when the antioxidant 
activities were studied by two chemical models, cholesterol model and DHA model. There was 
not evidence showing that the tocopherols of soy oil acted as major antioxidants when studied 
using the two models. A phytosterol is isolated and evidenced with antioxidant activity, 
preliminarily identified as ergosterol or plant cholesterol. As one of two main lipids constituting 
the biological membrane, furthermore, plant sterol molecules probably play a vital role in 
inhibiting the occurrence of peroxidation of unsaturated fatty acids of phospholipids. The 
identification for the compound isolated in the study need be confirmed by other analysis tools, 
and the antioxidant activity of the compound also need be supported by the experimental data 
from other assay means, particularly the ones widely adopted in lipid oxidation and free radical 
chemistry. The future research paths would include discovering the phytosteols from other food 
sources, discerning the bioactive characteristics of phytosterols, and optimizing the refining 
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